ABSTRACT. The in vitro susceptibilities to 21 antimicrobial agents, of 37 isolates of Brachyspira (B.) hyodysenteriae isolated from pigs in Okinawa meat center and a pig farm in Okinawa Prefecture, Japan, were determined by the agar dilution method. Carbadox was the most active of all the agents tested against the isolates (MIC: <0.003 to 0.05). All the isolates were highly susceptible to olaquindox, tiamulin, dimetridazole, efrotomycin and valnemulin with MICs ranging from ≤0.1 to 1.6 µg/ml. Penicillins, chloramphenicol, tetracyclines, terdecamycin and streptomycin were also active against the isolates. Most isolates were resistant to lincomycin, avilamycin and macrolides (with the exception of terdecamycin). KEY WORDS: antimicrobial agent, Brachyspira hyodysenteriae, minimum inhibitory concentration.
Taxonomically, seven species of Brachyspira have been described: B. hyodysenteriae [8] , B. intermedia [19] , B. murdochii [19] , B. innocens [9] , B. pilosicoli [23] , B. alvinipulli [20] and B. aalborgi [5] ; two others yet unconfirmed species: B. pulli [21] and B. canis [4] have been suggested. To prevent confusion, S. intermedia, S. murdochii and S. alvinipulli are best referred to as Brachyspira spp., even though an official proposal for their renaming has not been made [7] . Thereafter, Fellstrom et al. [6] were using B. intermedia and B. murdochii as species names.
Amongst the species, B. hyodysenteriae is the most important causal agent of swine dysentery [17, 22] and is related to the economic loss in the pig industry [1] . In Japan, swine dysentery caused by B. hyodysenteriae is a major concern, and its control is monitored by the Domestic Animal Infectious Diseases Control Law. Swine dysentery is associated with a typical syndrome accompanied by severe bloody diarrhea, sometimes with death. Diarrhea can also be induced by oral administration of infected colon and its contents. In order to prevent and treat pigs with dysentery, many drugs have been commonly evaluated in vivo in pigs naturally infected with swine dysentery.
The objective of this study is to investigate the in vitro activities of the drugs commonly used in veterinary practice in relation to previous reports [10, 11] .
Sample collection and culture: Large intestinal contents and feces with mucus and blood were obtained from 23 pigs at a meat center and farm in March 2002 in Okinawa Prefecture. Both fecal and large intestinal mucosal samples were serially diluted ten-fold from 10 -1 to 10 -4 in trypticase soy broth (TSB; Beckton Dickenson, U.S.A) and spread on trypticase soy agar (TSA; Beckton Dickenson, U.S.A.) containing 5% sheep blood and 400 µg/ml spectinomycin [18] .
Inoculated plates were incubated anaerobically at 38°C for 72 hr with a Gas-Pak system (BBL, U.S.A.). The isolates were subcultured at least three times and used for the experiment.
Biochemical tests: Carbohydrate fermentation and indole production were carried out as previously described [15] . Strongly β-hemolytic isolates from the blood agar were selected and further identified biochemically. The identified isolates were subsequently maintained by routine subculture on TSA containing 5% sheep blood.
Antimicrobial Agents: Twenty-one antimicrobial agents were obtained from sources as listed: carbadox and oleandomycin, Pfizer Co., Tokyo, Japan; tiamulin hydrogenfumarate, Norvarltis Animal Health Co., Tokyo, Japan; olaquindox, Nihon Tokushu Noyaku Seizo k.k. Tokyo, Japan; lincomycin, The Pharmacia Upjohn Japan Co., Tokyo, Japan; penicillin G, Meiji Seika Co., Tokyo, Japan; ampicillin, Wako Pure Chemical Co., Osaka, Japan; chloramphenicol, Sankyo Co., Ltd., Tokyo, Japan; oxytetracycline and leucomycin, Toyo Jozo Co., Ltd., Shizuoka, Japan; chlortetracycline, Asahi Kasei Co., Ltd., Tokyo, Japan; erythromycin, Dainippon Pharmaceutical Co., Ltd., Osaka, Japan; sedecamycin, terdecamycin, avilamycin and efrotomycin, Asahi Vet Co., Ltd., Tokyo, Japan; spiramycin, Kyowa Hakko Kogyo Co., Ltd., Tokyo, Japan; tylosin, Shionogi and Co. Ltd., Osaka, Japan; streptomycin, Banyu Pharmaceutical Co., Ltd., Tokyo, Japan; dimetridazole, Rhone' Poulene Japan, Ltd., Chemical Co., Japan; and valnemulin, Novartis Animal Health Co., Japan. Stock solutions containing 1,000 µg/ml of each agent were prepared with appropriate solvents, and stored at 4°C or used immediately.
Antimicrobial sensitivity assay: The minimum inhibitory concentration (MIC) of each of the agents against the isolates was determined by agar dilution with a two-fold dilution from 100 to 1 or 0.003 µg/ml final concentration of the agents in TSA containing 5% sheep blood as described by Kitai et al. [10, 16] . B. hyodysenteriae ATCC27164T was used for comparison of the susceptibility with Japanese pig isolates.
Biochemical properties of the isolates: All of the isolates were β-hemolytic on blood agar, indole-positive, and fermented fructose, galactose, glucose, maltose, lactose, raffinose, mannose and trehalose, but did not ferment arabinose, inositol, sorbitol, rhamnose, adonitol and xylose (Table 1) .
Susceptibility tests: The susceptibility (based on MIC) of 37 pig isolates to 21 antimicrobial agents for treatment of swine dysentery is shown in Table 2 . Penicillins, chloramphenicol and terdecamycin were active, with MIC of 0.8 to 1.6 µg/ml. These findings were comparable to those of Kitai et al. [10, 11] and Ueda et al. [24] who had reported that terdecamycin was effective for swine dysentery. Tetracyclines and streptomycin were active but some isolates were resistant to these antibiotics, with MIC of 25 to 50 µg/ ml. Activities of tetracyclines have been reported, and our results were in agreement with the previous findings. The majority of the isolates tested by Kitai et al. [10, 11] were not susceptible to streptomycin, with MIC of 12.5 to >100 µg/ml. Macrolides, lincomycin and avilamycin were not active, except for terdecamycin, and all isolates were resistant to lincomycin and the macrolides, with MIC in the range of 25 to ≥100 µg/ml. The activity of macrolides was in agreement with the previous results [10, 11] . In the report by Molnar [13] , however, lincomycin MIC varied from 0.2 to 100 µg/ml. Carbadox was the most active, with MIC of <0.003 µg/ml for more than 90% of the isolates. Olaquindox, tiamulin, dimetridazole, efrotomycin and valnemulin were also effective against the isolates and the MIC ranges of ≤0.1 to 1.6 µg/ml. MIC values of olaquindox, tiamulin and dimetridazole were also similar to those of Kitai et al. [10, 11] .
Drug-resistance in B. hyodysenteriae is widespread and isolates resistant to antimicrobials, namely carbadox, tylosin, erythromycin, tiamulin, lincomycin, and dimetridazole, in common use for the treatment of B. hyodysenteriae, have been reported [2, 3] . However, because lincomycinresistant organisms have appeared recently in Okinawa Prefecture, it could be difficult to completely eradicate them.
Furthermore, Kitai et al. [10, 11] reported that there was a difference in MIC between the strains resistant to lincomycin and advised the use of agents based on the results of the drug susceptibility test. The activity of carbadox is noteworthy. This drug has been exclusively used in veterinary practice, usually as an anti-infective agent and growth pro- moter in pigs [3, 12] . Although carbadox is neither mutagenic nor carcinogenic [25] , because of its genotoxic potential its usefulness has been questioned [14] . The present state of knowledge of the distribution of resistance to Brachyspira is insufficient, and more work is required to continuously monitor the development of resistance to this genus.
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